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(57) PecfeepaT: 

M3o6peTeHne othochtca k cnocooaM 
M3MepeHMfl xapaiaepMCTMK B03AytiiH0tf cnyTHofi 
CTpyn 3a TpaHcnopTHbiM cpeACTBOM, 
npenMymecTBeHHO 3a aBnaHocHbiM KopaoiieM, 
BKnioHaiou^MM M3MepeHne xapaiaepucTHK 
TpaHcnopTHoro cpeACTBa, xapaKTepucruK 
ABM)KeHMfl JieiaTejibHoro annapaia 

(nA)-30HAMpOBli^MKa OTHOCHTeJlbHO Mace 

B03Ayxa m onpeAeneHwe xapaiaepucTHK 
B03AyLUHO^ cnyTHofl cipyn, ojnma\o[i\w\?\c9\ TeM, 
mto JlA-30HAnpoBLAMK nocneAOBaTenbHO 
noMemaiOT b p*A 3aAaHHbix ToneK npocrpaHCTBa 
3a Kopa6neM, yAepwHBaa JlA-3aHAnpoBiAMK b 
saAaHHOM TOHKe, H3Mepafl AononHHTenbHO 
napaMeTpw noneTa - ymbi aTaKM u 
CKO/ib)KeHHfl ( a, p), Beiaop CKopocTki noneTa 
, ymbi TaHraxa, KpeHa, Kypca ( Vl y, y), 

BO 

ymoBbie ckopocth OTHOCMTenbHO Tpex oceM 
w z , g> x , G) y ), npoAO/ibHyK) m 6oKOByio neperpy3Kvi 
(h y> hj, ymbi OTKnoHeHMn pyneBbix 
noBepxHOdeCi (s B , s 3 , s H , S^J 

nA-30HAMpOBLl^HKa, M3MepflJOT 

HanpaaneHne w CMJiy BeTpa, KaMKy 
Kopa6nfl (Anct)cf)epeHTHyK) e K , KpeHOByio y K m 
BepTMKa/ibHoe nepeMemeHue LjeHTpa Mace 
Kopaoiifl aHck) u M3MepyiK)T xapaKTepucTMKM 



JlA-30HAMpOBLAUKa - BepTHKa/ibHbie aH, 
6oKOBbie OTKnoHeHMH aZ m Beiaop 



CKOpOCTH + 



OTHOCMTeJlbHO Kopaonfl 



cpeACTBa mm BHeniHe-TpaeKTopHbix H3MepeHMM 
(BTl/1) Ha MepHOM nnaT4)opMe, CBfl3aHHOfi c 
KopaGneM, CTa6nriM3Mpyfl ee no Kanice, nocne 
Mero onpeAen«K)T ncKOMbie pasHOCTM Me>KAy 

BeKTOpOM CKOpOCTM JlA-30HAMpOBLH>1Ka 

OTHOCMTeribHo MepHofi nnaTcf)opMbi h 

CK 

BeKTOpOM CKOpOCTM JlA-30HAHpOBLAMKa 



OTHOCMTeJlbHO B03AyWHblX MSCC + 
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(54) METHOD OF MEASURING CHARACTERISTICS OF TRANSPORT VEHICLE AIR WAKE 



(57) Abstract: 

FIELD: measurement technology. 
SUBSTANCE: method consists in measuring the 
characteristics of transport vehicle, 
characteristics of motion of flying 
vehicle-sounder relative to air masses and 
determination of characteristics of air 
wake. Sounding flying vehicle is placed in 
succession in several predetermined points 
after ship holding the sounding vehicle in 
this point and additionally measuring the 
parameters of flight: angle of attack and 
slip angle, flight speed vector, pitch 
angle, bank angle, heading angle, angular 
velocities relative to three axes, 
longitudinal and lateral g-loads, control 
surface angles of sounding flying vehicle; 
then direction and force of wind and motions 
of ship (change in trim, heeling and 
vertical motion of ship's center of mass) 
are measured, after which the following 
characteristics of sounding flying vehicle 
are measured: vertical deviations, lateral 
deviations and speed vector reactive to 



ship; measurements are conducted by means of 
external trajectory measurement devices on 
measurement platform connected with ship; 
platform is stabilized against motions and 
then differences between vector of speed of 
sounding vehicle relative to measurement 
platform and vector of speed of sounding 
vehicle relative to air masses are 
determined. EFFECT: enhanced accuracy of 
measurements. 1 dwg 
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M3o6peTeHne othocmtch k o6/iacTM aBnai^MH 

MO)K6T 6blTb MCnonb30BaHO B CaMOJieTHOfi 

TexHMKe ' Kopa6enbHoro 6aanpoBaHMfl Ana 
M3MepeHMfl xapaKTepucTHK nocaflOHHbix cucreM. 

H3BecTHa cucTeMa n3MepeHHfl cnyTHofl 
cTpyn caMonera c ncnonb30BaHneM 
caMOJieTa-30HAnpoBii;MKa. 

npoBefleHHe MccneAOBaHMfi c npnivieHeHMeM 
caMoneTa-30HflnpoBiMMKa ( npeAHa3HaneHHoro 
Ana nonera b BuxpeBOM cneAe Beflymero 
caivioneTa (noneT b cnefle m era nepeceneHMH), 
npeAno/iaraeT ncno/ib30BaHne BH3yajiH3ai^nn 
BuxpeBbix wryTOB. 3to nenaeica c noMoinbio 
AbiMOBbix cucTeM, ycTaHaannBaeMbix Ha 6opiy 
BeAymero neiaTenbHoro annapaTa (J1A). (Ipn 

3TOM OCHOBHOfl CJlOMHOCTbK) HBJlfleTCfl 

n3MepeHne xapaicrepHCTHK noTOKa, 
nHAyL\npyeivioro BMxpeBbiM cneAOM, b 
onpeAeneHHbix TOHKax, t. k. noA AeRcTBMeM 
pa3/iMMHbix cf)aKTopoB o6nacrb cnyTHofl CTpyn 
nepeMemaeTCfl b npocTpaHCTBe. Heo6xoAMMo 
nepewiemaTb asthmkm TawiM o6pa30M, mto6h mx 
ABn>KeHMe noBTopano MaccoBoe ABMweHMe 
wccneAyeMO^ oonacTM cneAa m b Towe BpeMH 
ohm HaxoA^JiMCb b onpeAeneHHbix 3aAaHHbix 
nonoaceHMflx b npocTpaHCTBe. nosTowiy 
npuxoAMTCJ?, nn6o AonycKan norpewHOCTH, 
npoBOAMTb oi^eHOMHbie MccneAOBaHMfl, /im6o, 
ycnowHflfl MeTOAHKy o6pa6oTKM MaTepnanos, 
BBOAMTb nonpaBKH. 

CnocoG ncnonb3yeTC« ppn onpeAeneHUfl 
CTpyicrypbi reneHUfl n MSMepeHMfl 
HHTeHCMBHOCTM cneAa no perMCTpupyeMbiM 
OTKTioHeHM«M pynefi ynpaaneHMH 
caMoneTa-soHflMpOBiUMKa, KOMneHcupyrou^nx 
era nepeMeu^eHne b cneAe. flna oi^eHKn 

HHTeHCHBHOCTM BHXpefi COCTaBJIfllOLL^HX B6KT0pa 

cKopocTM noTOKa Ha caMoneTe-30HAnpoBmuKe 
perncTpupyjoTcn yrnoBbie CKopocTH m 
neperpy3KM oTHocnTenbHO Tpex oceM, yrnbi 
OTKnoHeHMW ynpaBnflfomMx nosepxHocTeCi. 
Heo6xoAMMa cuHxpoHHaa perMCTpai^H 
KMHeMaTMMecKnx xapaKTepucTMK noTOKa u 
cawioro ABuxeHMfl caMoneTa, a TaioKe 
oTHOCMTenbHoro ABH>KeHMfl caivioneTOB, 
Heo6xoAHMa BbicoKaa TOHHOCTb M3MepeHMtf ki 
perncTpai^MM. 

no pe3y/ibTaTaM aHann3a norpewHOCTetf 
onpeAeneHMfl xapaKrepucTMK cnyTHOM CTpyn 
cneAyer, mo ohm 3aBMCHT or oujm6ok 

M3MepHTe/ie^ B03AyWHOfi CKOpOCTM M CKOpOCTM 

ABn>KeHM« OTHOCHTe/ibHO caMoneTa MJ1H 
Kopa6na, a Ann WTarHbix M3MepMTenetf Ha 
oobNHbix CKopocTfix 3axoAa Ha nocaAKy He 
o6ecnennBaK)T Heo6xoAMMOtf tomhoctm 
onpeAeneHUfl cKopocTefi cnyrHofi CTpyn. fln« 

AOCTM)KeHHfl TpeGyeMblX TOHHOCTHblX 

xapaKrepMCTMK MSMepeHUfl napaMerpos 
B03AyLUHoro noTOKa Heo6xoAHMo npniweHeHne 
cneL^na/ibHbix AaTHMKOB c yMeHbiueHHofi 
norpeuJHOCTbio M3MepeHMfl ckopocth noneTa. 

Han6onee 6jih3kmm k npeAno)KeHHOMy 
HBJiaeTCfl cnoco6 onpenenemn CTpyKTypbi 
cneAa J1A Ha Heo6xoAHMbJX yAaneHnax 3a hum 

npM TOHHOM BblAep>KMBaHMM 3aAaHHblX 

paccTOflHMfi, comacHO KoropoMy 3a J1A 
GyKCupyeTCfl Apyro^ J1A, o6opyAOBaHHbi^ 
annapaiypo^ Ana H3MepeHum b cneAe. flnMHa 
6yKcnpoBOHHoro Tpoca onpeAe/ineTcn 

paCCTOflHMeM, Ha kotopom Heo6XOAHMO 
BbinOflHflTb H3MepeHMfl. AaTHMKH 

ycTaHaBJiHBaioTCfl Ha BbiHOCHoR LUTaHre, 
KOTopafl b npoijecce 3KcnepnMeHTa bboamtca b 
BuxpeBOM cneA- TaKoC^ MeTOA nccneAOBaHHM 
nosBOJifler onpeAennTb cTpyicrypy cneAa Ha 
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Heo6xoAMMOM paccTOflHkiu 3a caMoneTOM m 
mo)K6t 6bJTb ncnojib30BaH pj]9\ aHann3a era 
pasBMTMfl CBopanHBaHUfl ne/ieHbi m HeB«3Koro 
pa3BHTMfl cneAa. TaKMM cnoco60M 6yKCnpoBaH 
nnaHep c ycTaHOBneHHoPf Ha HeM 
TepMoaHeMOMerpMHecKo^ annapaTypoi^ 3a 
KaHaACKMM caMoneTOM "fle XaBuneHA", AnnHa 
Tpoca cx)CTaBJinxia 18 pa3MaxoB KpbiJia 
caMoneia. 

Ann 30HA^ipoBaHn« cneAa ncno/ib30Banncb 
3-KOMnoHeHTHbie TepMoaHeMOMeTpHecKne 
AaTHUKH, ycTaHOB/ieHHbte Ha bwhochoH tuTaHre 
nnaHepa. 

HeAOCTaTOK cnoco6a ncnorib30BaHHfl 
6yKcuipyeMbix nnaHepoB A^n L\eneM «3MepeHtifl 
xapaicrepMCTMK cnyTHort CTpyn 3a Kopa6;ieM 
-OTcyTCTBue >KenaeMbix pe3yjibTaroB no 
tom h oct h. flnn nonyneHun 3aAaHHO^ tomhoctm 
oi^eHKM napaMeTpoB cnyTHOi^ cTpyn TpeGyeTcn 
npoBeAeHwe BbicoKOTOMHbix M3MepeHnK c 
ncnonb30BaHneM npei^M3MOHHbix asthukob m 
AnMTenbHoe Bpeiwn Ha6jiK>AeHMfl b Ka>KAo« 
npocTpaHCTBeHHo^ TOMKe, Hero He nosBonaeT 
cflenaTb onncaHHbiM cnoco6. 

CnyTHan cTpyn 3a KopMoK Kopa6rm, HapHAy 
c Kone6aTenbHbiMM ABH>KeHnnMM nocaAOHHotf 
nnomaAKu, nBJineTCfl oahmm H3 pewaK>mnx 

Cf)aKTOpOB, BnnniOl^MX Ha TOM H OCT b H 

6e3onacHOCTb BbinonHeHMn pe>Knivia nocaAKM 
J1A. OTCK)Aa BbiTeKaeT Heo6xoAMMOCTb 
AOCTOBepHoro 3HaHMfl o pearibHbix 
xapaKrepwcTMKax cnyTHow crpyn u onpeAeneH^e 
MOAeriki 3Toro B03MymeHHfl A^fl Bbi6opa 
pacMeTHbix cnyMaeB oi^eHKM 3cf)0eKTM bhoctm 
BbinoiiHeHMfl nocaAKM m cnpomo3MpoBaTb 
xapaiaepMCTMKM nocaAKM J1A b pacneTHbix 
SKCTpeManbHbix ycnoBMflx BHeniHew cpeAbi. 
06TeKaHMe Kopnyca Kopa6nn m nanyGbi 

B03AyiHHblM nOTOKOM npMBOAMT K 06pa30BaHMK) 
MHTeHCMBHblX B03AyiUHblX BOSMyil^eHMM B BUfle 
CKOCOB nOTOKa M BMXpeM (B03AyiiJHblX am), 

KOTopwe Bbi3biBaioT M3MeHeHMn yma aTaKM J1A m 
ero B03AywHOfi ckopoctm. HepaBHOMepHocTb 
BepTMKa/ibHbix ckocob no pa3Maxy Kpbma 

npMBOAMT TaiOKe K MHTeHCMBHbIM B03MyLL\eHMnM 

no ymy KpeHa J1A, oco6eHHO nepeA caMOM 
nocaAKOM. 

XapaKTep M MHTeHCMBHOCTb B03AyiUHblX 
B03Myii^eHMM 3aBMC«T OT npOAOJlbHOM 

6anaHCMpoBKM aBnaHoci^a, ckopoctm ero 
ABM^eHMn, HanpaBJieHMn m mhtchcm bhoctm 
BeTpa m BOJiHeHna Mopn. 

Bo3AViiJHbie B03MyuieHMn 3a KopaSneM 
coflepwaT CTat^noHapHbie 

(AeTepMMHMpOBaHHbie) B03MyLi^eHMn, 
flBflfllOU^MeCfl CpyHKL^MflMM KOOpAMHaT 

MecTonono>KeHMfl J1A OTHOCMTenbHO Kopa6nfl. 

Ohm xapaiaepM3yK)TCfl hmcxoaal^mmm m 
BocxoAfliAMMM noTOKaMM B03Ayxa 3a KOpMOi^ 
Kopa6rm, MeHniou^MMMcn npM M3MeHeHMM 
MecTonono>KeHMfl flA (CKOcbi 4-9°). 

Typ6yneHTHbie B03MymeHMfl b BMAe 

C/iyMaMHbJX CjjyHKl^MM BpeMeHM 3aBMCflT OT 

ckopoctm B03AyuJHoro noTOKa HaA nany6o^ m 
AaribHOCTM ao Kopa6nn ctw« 0,2 -s- 0,7 m/c. 

BepTMKaribHbie m ropM30HTanbHbie CKOcbi 
noTOKa, o6ycnoaneHHbie KaHKoft Kopa6nn b BMAe 

nepMOAMMeCKMX Cf)yHKL|M^ BpeiweHM B 

33BMCMMOCTM ot Kone6aHMfi nany6bi (±1,4 
m/c m ±0,6 m/c). 

3a KOpMO^ KOpa6jlfl OCTaJOTCfl 30Hbl 

3aBnxpeHHoro noTOKa Ha 6onbwnx paccTOAHunx, 
npMMeM cpasy 3a kopmom iimhmm 3aBMxpeHHoro 
noTOKa ao npM6jiM3MTenbHO 150 m HanpaaneHbi 

BHM3, a C paCCTOHHMfl npM6/lM3MTeJlbHO 300 M M 
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Aanee HanpaBneHu BBepx. TaKMM o6pa30M, 3a 
aBnaHocyeM MMeeicn npoBan noTOKa bhm3, m 

J1A, BXOAfl B 3Ty 30Hy, HMeOT TeHfleHUHK) 

npoBsmnBaTbc^ (b my). 

OTMeqeHHwe MOMeHTbi onpeAenaioT 

Heo6xOflMMOCTb H3MepeHH« M Ol^eHklBaHMfl 

xapaKrepucTMK cnyTHoro B03flyujHoro noTOKa 3a 
Kopa6neM b pea/ibHbix ycnoBMflx. 

3aAaMa onpefleneHMfl cocTaBnnioi^nx 
CKopocTefl cnyTHofi CTpyn sa Kopa6neM 
peiuaeTCfl nyTeM ncno/ib30BaHMfl neTaienbHbix 
annapaTOB Tuna nnaHepa-30HAa Ha ocHOBe 
H3MepeHHfl BeicropoB ckopoctm noneTa 

OTHOCMTenbHO KOpa6/lfl H B03flyilJHOil ckopoctm. 

L4enb M3o6peTeHnn onpeAeneHMe 
xapaicrepucTMK cnyTHofl CTpyui 3a aBnaHocHbiM 
Kopa6newi. 

flnfl peiueHMH yKasaHHofi \\em npeAnoweH 
cnoco6 M3MepeHM« xapaKTepucruK 
-cocTaBJiHJOii^nx CKopocTefl cnyTHofi CTpyw sa 
aBnaHocHbiM Kopa6;ieM, BKntonaHD^nPi 
M3MepeHne xapafcrepucTHK Kopa6na, 
xapaicrepMCTMK ABMweHM* neTaTenbHoro 
annapaia (J1A) 30HflnpoBi4MKa oth ocu Ten b h o 
Mace B03flyxa m onpeAeneHMH xapaKTepucTHK 
BOSAywHofi cny-motf CTpyn, B KOTODOM 
nA-30HAnpoBii^MK nocneAOBarejibHO noweu^aioT 
b pflA 3aA3HHbix ToneK npocTpaHCTBa 3a 
Kopa6neM, yAepwMBaa J1A-30hahpobu4mk b 
saAaHHOM TOMKe, 3aMepflK>T AononHMTenbHO 
napaivieTpbi noneTa -yrnbi aTawi h 
CKonbKeHMfl ( a n p), Beiaop cKopocTn noneTa 
-* , yrnw TaHrawa, KpeHa, Kypca Vl y, 

BC 

ymoBbie ckopocth OTHOcmenbHO Tpex ocefi 
w 2, <o x , (o y , npoAOJibHyto m 6oKOByK> neperpy3KM 
(h y , hj, ymw oTKnoHeHnw pyneBbix 
noBepxHocTe^ s B , 5 3 , 5 H , 6^ 

JlA-30HAMpOBl4MKa, M3Mep«K)T 

HanpaaneHne m cmiy Berpa, KaMKy 
Kopaonn (Anc^cpepeHTHyK) e K , KpeHOByio y K m 
BepTMKanbHoe nepeMeu^eHne i^eHTpa Mace 
Kopa6nR aHcJ m n3Mep«K)T xapaKTepucTMKM 
DA-30HAnpoBLi^MKa BepTHKanbHbie aH, ooKOBbie 
OTKnoHeHMfl AZ m Beicrop 



CKOpOCTM 



OTHOCMTeribHO Kopa6nfl 



CpeACTBaMM BHeWHe-TpaeKTOpHblX M3M6peHHM 

(BTH) Ha MepHotf nnaT(J)opMe, cBP3aHHOM c 
Kopa6neM, CTa6Mni43Mpys ee no Ka^tce, nocne 
nero onpeAenflK>T MCKOMbie pa3HOCTH Me>KAy 

BeiaopOM CKOpOCTM JlA-30HAHpOBlAHKa 

OTHocnTenbHO MepHofl nnaTCfcopMbi -> m 

CK 

BeKTOpOM CKOpoCTH JlA-SOHAMpOBLUMKa 

OTHOCMTenbHO B03AyUJHblX Mace -» 

BC 

Ha HepTe>Ke M3o6pa>KeHbi od^ax 
6noK-exeMa CMCTeMbi M3MepeHkm xapaicrepMCTMK 
napaMeTpoB enyTHotf CTpyn 3a KopacrieM, rAe 
o6o3HaneHbi: 1 GyKcupyeMan 
MOAenb-30HAnpoBiMMK, neTaTeribHbM annapaT 
(JlA)-30HAnpoBi4MK; 2 cunoBOti rpoc m 
HHO>opMaL^noHHbi^ Ka6erib; 3 cucTeMa 
aBTOMaTHHecKoro ynpaaneHHfl (CAY); 4 - 
MHepijHOHajibHafl cucreMa (MC); 5 cucieMa 
B03AyuJHbix cumanoB (CBC); 6 a^thhk 
BOSAywHofl ckopocth rpy6Ka riMTo; 7 AaTHMK 
CKonb>KeHnq; 8 asthmk yma aTaKH; 9, 10, 11 
rupocKonnHecKne a3thhkm yrnoB raHra>Ka Kypca, 
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KpeHa; 15, 16 axcenepoMeTpbJ BepTUKa/ibHoft m 
6okoboA neperpy30K; 1 7 opraHN (noBepxHocTM) 
ynpaaneHMR, BKniOHan opraHU 
HenocpeACTBeHHoro ynpaaneHMfl noA^eMHort 
cmjio« (HynC); 18 3/ieKTponpnBOA ynpasneHUfl 
ne6eAKofi; 19 /ie6eAKa npMBOAa, Tpoca m 
Ka6enfl; 20 TeneBM3H0HHa^ 
MHCfc>opMaL4noHHO-n3MepnTejibHafl cucieMa 
(Tl^MC) Ha CTa6min3npoBaHHO« MepHO« 
nnaTC|)opMe; 21 AaTHHK KpeHa Kopa6rm; 22 
AamMK A^*4)epeHTa Kopa6n«; 23 AaTMwe BeTpa 
Ha KopaCne; 24 asthmk Kan km Kopa6nfl; 25 
ajieKTponpuBOA annapannefl; 26 BbmncnuTejib; 
27 nynbT ynpaBneHMfl onepaiopa; 28 Kopa6xib. 

CnocoG 3aKnioHaeTCfl b cneAyioii^eM. 

B cooTBeTCTBHH c Bbi6paHHbiM luaroM no 
KoopAMHaTaM X, Y, Z pa36nBa»OT B03AywHoe 
npocTpaHCTBo 3a kopmo^ Kopa6n^, oopasyn 
"Ky6" ToneK, b KOTopwx Hy>KHo npon3BecTM 
M3MepeHna napaMerpoB cnyTHoi^ CTpyn. 
3aAaHHbie KOopAMHarw ToneK OTo6pa>KaiCT Ha 
SKpaHe A^cnnen 27, cTOflineM nepeA 
oneparopoM. Ha 3TOM >Ke oxpaHe Ha6/iioAatOT 
nono>KeHMe JlA-30HAnpoBU^MKa 1 no 
MHc|)opMaL^nM, nonynaeMovi ot BTM - TI/MC-20, 
CTa6n^M3npoBaHHO« no KaHKe Kopa6rm. 

IIOMeU^aiOT J1A-30HAHPOB14MK 1 

nocneAOBaTenbHO b p^A 3aAaHHbix ToneK 
npocTpaHCTBa 3a Kopa6iieM, yAep>KMBafl ero b 
3aAaHHOfi TOHKe c noMOi^bK) CAY-3, 
OTKnoHeHneM noBepxHOCTe^ ynpaBJieHun 17 
kotopom peannsyioT 3aAaHHyto Tpaeicropnio 
no/ieia. 

CoBMecTUB saAaHHbie m TeKyu^Me 

KOOPAMHaTbl nA-30HAHp0Bll^HKa 1, M3Mep«K)T 

AononHnrenbHO napaMeTpbi noneTa ymw arawi 
m cKonb>KeHHfl a m p, Beicrop ckopoctm noneTa 
, ymw TaHrajKa, KpeHa m xypea v> y, 

BC 

ymoBbie ckopocth w 2 , a xi <o yi npoAonbHyio m 
6oKOByio neperpy3KM (h y , h z ), yrnw OTKnoHeHUfl 
pyneBbix noBepxHOCTeti (5 B> 8 3 , 5 H , S^nJ J1A- 

30HAMpOBL4MKa 1 M BBOA^T B K0pa6eflbHbl^ 

BbNHcnuTe/ib 26. 

H3MepflK)T HanpaaneHne n cuny 

BeTpa Wc, KaHKy Kopa6nfl, Ancf)c|)epeHTHyio e K , 
KpeHOByK) y K h BepTHKaribHoe nepeMeu^eHne 
i^eHTpa Mace Kopa6na aH Ki a TaiOKe H3Mep«K)T 
xapaKTepucTMKH JlA-30HAnpoBi^nKa 1 
BepTMKanbHbie AH m 6oKOBbie OTKnoHeHun aZ m 

BeKTOP CKOpOCTH 



OTHOCMTenbHO Kopa6nq 



cpeACTBaMn Ha MepHoR njiaTc^opMe, cBflsaHHOf^ 
c Kopa6/ieM m CTa6nnn3MpoBaHHOM no KaHKe. 

nocne sroro e noMOiMbio BbJMMCJiMTenfl 26 
onpeAenaioT MCKOMbie pa3HOCTM Me>KAy 



BeKTOpOM CKOpOCTH JlA-SOHAHpOBli^HKa 

OTHOCMTenbHO MepHOfl nnaTqbopMbi 

CK 

BeKTOpOM CKOpOCTM JlA-30HAMpOBU^MKa 

OTHOCMTenbHO B03AyujHbix Mace -* 



1 

M 

1 

no 



BC 



qbopMyne 



H = v 



rAe jj Beiaop CKOpOCTM 



nepeMeu^eHMfl B03AyuJHbix Mace b 
CTa6MnM3MpoBaHHOt^ nocaAOHHofl CMCTeMe 
MepHofl nnaT0opMe b bmab cocTaBnflioii^MX 
cKopocTePi W x , W y , W z onpeAenaeTCH 



o 

00 

00 
00 



ho 
o 

00 
00 
4*. 
CO 

o 



M - v - v cosd cosH cosV cost!) * 

X MCK BO 

♦..vising cos|l <sinlp sinr - cos? sinV cos^) - 

- v^^sinP (coslp sinV sin/ ♦ sin? cosp 
M = v - v costf cosfi sinV ♦ 

y ye* bc 

* v sinrf cosfi cosV cosy + v sin|) cosV sinf 
BC H BC 

M = v + v coslf cosfi cosV sinlll ♦ 
a aoH do 

«■ v sinrf cosP < coslp siny * sinV sinlp cosp - 

DO 

- v sinp (costp cosy - sinV sin? sinX> 

DO 

rAe V BC B03AyiuHafl cKopocTb J1A- 
30HAnpoBu^MKa 1 , nonyneHHafl no HHcfcopiviaL^H 
ot cudeMbi BosflywHbix cMmanoB (CBC). 

no nonyHeHHbiM cocTaanfliomuM Beicropa 

CKOpOCTH W x , W y , W 2 JlA-30HflHpOBU4MKa 1 

onpeAexifljoT npuBeAeHHbie Mepe3 MacwTa6 
Typ6yneHTH0CTn L cneiapanbHbie nnoTHOCTH 
SQNJL), S(W y /L), S(W Z /L) u 

cpeAHe KBaApaTH m ecKM e 

BenuMMHbi ctwx, cwy, avvz Typ6yjieHTHo« 
cocTaBJiajomew noTOKa npn paanwMHbix 
xapaiaepMCTMKax MopcKoro BonHeHwa n 
HanpaaneHMfl m ckopocth Berpa HaA na;iy6otf; 
B3anMHbie KoppenflquoHHbie 0yHKi^nn R( x) 
TypSy/iGHTHOCTM m cfcnjOKrya 14118 Ann 
napaiwerpoBa, p, Vck, aZ, y K , e K . 

flpuneM AaHHbie cTaTMCTMHecKMe 
xapaKtepucTHKM nonynaioT no BceMy A^anasoHy 
pacMeTHbix ycnoBMM, H3NieHeHna yrriOB 
ycTaHOBKH annapennefi w t.a. BKnKwafl 
SKCTpeManbHbie cnyMan, cooTBeTCTByioii^Me 
MaKCHManbHOM KaMKe Kopa6/ifl n ycTaHOBKe Ha 
nany6e 6a3npyK)winxcfl acxaApwwfl no 
npeAe/ibHo^ cxeivie pa3MemeHna Ha cTapTOBbix 

n03HLJHflX. 

Oi^eHKa norpeiUHOCTeM BbMMcneHu* 
cocTaBJiflKDu^nx CKopocTetf BeTpa npeACTaanflioT 
K3K npupau^eHun cfcyHKLiHH MHorux nepetvieHHbix, 
cooTBeTCTByioii^ero saAaHHbiM npnpameHHflivi 
apryivieHTOB. Ecnw Ka>KAafl us ctyHiqMfl f x , f y , 
f z Ancf)cf)epeHUMpyeMa, to no Ka>KAofl 
nepeMeHHOM 

h = £ <v , v s d, p, v, y t i|i> 

X X XCK BC 

n = £ <v , v 3 d, 0, v, y, qi> 

y y ycK bc 
H = f <v , v , (K J, V, 

Z Z ZCK BC 

npupameHHe Ka>KAotf cocTaBrmiomefl W x> 
W y , W z onpeAenatoT pa3no>KeHneM ctyHKLjwfi 
f X) f y , f z b CTeneHHOM p*A b OKpecTHOcru 
napaiweTpoB ABHweHMfl, onpeAe/iflKDi^HX 
ncxoAHyio TpaGKTopwK) noneTa. 

YnpaBneHHH Ann otjeHKU norpewHOCTefi 
BbNucneHMfl cocTaBfifliomux cKopocTetf cnyTHOtf 
CTpyn 3a Kopa6neM npeACTaB/ifleT 
n j 

J=l J 

rAe Xj napaivieipbi abukghma J1A, KOTopwe 
ncnorib3yiOT Ann 
BbNMcneHMfl aW x , AW y> aW z ; AXj -norpeiuHOCTM 
onpeAe/ieHMfl ncTHHHbix BenuMMH omx 
napaiweTpoB, n 7. 

florpeujHocTn CHMTajoTCfl He3aBMCMMbiMM 

BejlMMMHaMM C MateMaTHHeCKHMM 0)KMAaHMflMM, 
paBHbIMM Hy/IK). 

npn 3tmx ycnoBMflx cpeAHeKBaAparnHecKafl 
norpeuJHOcrb BbiHucnuTenfl cx)CTaB/iflK)Li^nx 
CKopocTefi cnyTHO^ crpyn onpeAennioT no 
cJ)opMy/ie 



Mi 



a 2 Ax. 
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3to Bbipa>KeHne ncnonb3yeTCfl Ann 
Ha3HaMeHM« Tpe6oBaHn« no AonycrnMbiM 
norpeujHOCTHM asthhkob napaMGTpoB ABM>KeHMfl 
J1A m oi^eHKM toh h oct m onpeAexieHHfl CKopocTeW 
cnyTHoi^ cTpyn no 5optobo^ u H33eMH0^ 
MHcfropMaLiHM o napaMeTpax ABM)KeHHM J1A. 

10 norpewHoc™ M3MepeHHfl napaivieTpoB 
cnyTHofi crrpyM CHMJKajoTCfl 3a cseT yMeHbiueHkifl 
AO HyneBoro 3HaneHHfl ckopoctm noneTa 
JlA-30HAnpoBLHUKa 1 OTHOCMTeribHO Kopa6rt«. 
norpeiuHOCTM n3MepeHua ckopoctm J1A 
MCKnioMaioTCfl nyTeM M3MepeHHfl ckopoctm flA 

15 OTHOCMTenbHo Kopa6/iH cpeACTBaMM BTH. 

Cnoco6 no3BorifleT npoBOAHTb Ha&n\of\eHm 
npn M3MepGHnn napaMeTpoB B03AyiiJHoro 

nOTOKa B 0MKCHpOBaHHO^ TOMKe npocTpaHCTBa 
OTHOCHTeribHO Kopa6nfl b TeMeHMe AnwTeribHoro 
BpeMeHM, TeM caMbiM o6ecneHMBaeTcn TOHHOCTb 
20 n cTa6nxibHOCTb xapaicrepHCTHK B03AyuJHoro 
noTOKa b 3aflaHH0M TOHKe nocaAKM. 

ripn ncnoribsoBaHnn AaHHoro cnocoGa 
CHH>KatoTCfl orpaHWHeHM« no 
ruApoMeTeoponornMecKUM ycnoBMflM 
npoBeAeHMfl aKcnepuMeHTOB vi 3aBHCHM0CTb ot 
reorpacpunecKHX paitoHOB b m ecTO h ax o>ka£ h h h 
Kopa6nfl, a TaioKe OTcyTCTByioT 3anacHbie 
GeperoBbie aapoApoMbi b paA^yce 
AOCflraeMOCTM hx J1A. 

npocTOTa o6cny>KMBaHMfl npH sKcnepnivieHTe 
AenaeT cnocx)6 sKOHOMUHHbiM n paunoHanbHbiM 
npH n3Mep6Hnn xapaiaepMCTktK cnyTHO^ CTpyn 
3a Kopa6neM. 

flaHHbifi cnocoS peannsyeTCfl cucTeMoi^ 

M3MepeHMM. 

Ha 6opTy 1 JlA-6yKCMpoBiAMKa CAY-3 
coeAHHeHa c AaTHMKaMii napaiweTpoB ABH)KeHHfl 
J1A, ncnonb3yeMbix b MHepL^nanbHo^ cuicTeMe 4, 
KOTopaa b cbok) OMepeAb coeAHHeHa c 
AaTHMKaMM yrnoB TaHra>Ka v 9, Kypca j 10, 
KpeHa g 11, aKcenepoMeTpaMU h y 15, h z 16, m 
AaTHMKaMn ymoBbix CKopocTen (flYC) 
w z -12, ©y-13, to x -14. 

CBC-5 coeAMHeHa c AaTHMKaMn yrnoB 

3T3KH a 8, CKOflb)KeHHfl b 7 H B03AyiJLIHOPi 

ckopocth V BC 6, CBC-5 coeAHHeHa c CAY-3; 
BbixoA CAY-3 coeAMHeH c opraHaiwn 
ynpaBJiennfl 17. 

KopaGenbHas THHC-20 coeAMHena c- 
BbNkicriMTeneM 26, KOTopbifi coeAHHeH c 
AaTMUKaMM K3HKM 24, BeTpa 23, AncfxfcepeHTa 
22, KpeHa 27, a TaioKe c nyjibTOM ynpasneHMfl 
27 onepaTopa; bnxoa BbNMcnMTerifl 26 
coeAHHeH c THMC-20, sneicrponpHBOAaMM 18 
ne6eAKM 19 m aneicrponpuBOAOM 235 
annapenneM. 

C nOMOLUbK) 33AaTHMKa KOOpAMHaT 

ynpaBJieHMfl JlA-30HAHpOBU4MKOM 1 , 
55 pacno/io>KeHHbiM Ha nyribTe 27 n coeAHHeHHbiw 
no KaGenio c CAY-3, nowieu^aioT J1A-1 
nocneAOBaTeribHO b pyiA 3aAaHHbix ToneK 
npocTpaHCTBa 3a Kopa6neM. flxifl 3Toro c 
noMOL^bio CAY-3 oTKnoHflHDTCfl noBepxHOCTM 
ynpaaneHnw 17. riocne cxDBMeu^eHUfl 3aAaHHbix 

60 M TeKyiAMX KOOPAHHaT JlA-30HAHp0BlAMKa 1 

npovicxoAUT 3arpy3Ka AaHHbix b Kopa6eribHoft 
BbNMcnuTenb 26, coeAHHeHHbiw c 
Kopa6enbHbiMn cucTeMaMM. kl3MepeHM^ Ha 
6opTy J1A-1 napawieTpoB ABM>KeHHfl flA 

CMHXpOHH3HpOBaHbl C BHeiUHeTpaeKTOpHblMH 

M3MepeHHflMM cKopocTM noneTa H 
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MecTono/io)KeHMfl J1A-1 OTHocMTeribHO Kopa6/ifl. 
m OnepaTop c nynbna ynpaB/ieHun 27 Mepe3 
BbiMMcnuTe/ib 26 ynpaanweT TaioKe AanbHOCTbio 

JlA-30HAMpOBimiKa 1 C flOMOlUblO 

3/ieKTponpnBofla jie6eAKM 18; c noiwombio 
3/ieicTponpnBOAa 25 HswieHaeT yr/ibi ycTaHOBKw 
annaperuiefi m Tew caMbiM MeHfleT cipyKTypy 
cnyTHofl crpyn. 

TlA-30H/;npoBLqnK 1 neiaioLi^afl MOAenb, 
o6nafla»oi4a« MHHMManbHbiMn SBontoTHBHbiMn 

CKOpOCTflMM noneTa, COH3MepHMblMM CO 
CKOpOCTHMM ABMXeHUfl Kopa6nn. flXlfl Ol^eHKH 

napaMeTpoB cnyTHOfi CTpyn Tpe6yeTca 
onpeAe/ieHHoe Bpeivm Ha6nK>AeHna b Ka>KAOfl 

TOM KG npOCTpaHCTBa B CTa6MnM3MpOBaHHblX 

-cpuKCupoBaHHbix ycnoBkmx no BeTpy m 
BoriHeHnio Mopfl. TojibKO b 3tom cnynae 
B03MO>KHa AocroBepHafl OL^eHKa cnyHafiHofi m 
AeTepMMHMpoBaHHO^ cocTaanflKHUkix cnyTHotf 
cTpyn. 

Bbidpoe ABH)KeHne nepexoAHoro npoi^ecca 
nepeBOAa flA-30HAnpoBii;nKa 1 b Apyryio 
n3MepnTenbHyio TOMKy npocTpancTBa crpyw 
ycTpaHweTcn CAY-3 c noMOUjbK) 
HenocpeflCTBeHHoro ynpaaneHym noAbewiHotf 
cn/io^(HynC)17. 

C noMOiubJO THHC 20, ncnorib3yiometf 
nepeAaiou^yK) TerieBW3H0HHyK) Tpy6Ky Tuna 

"BHAHKOH", aBTOMaTMMeCKH M3MepflKDTCfl 

KOopAMHaTbi JlA-aoHAnpoBLHHKa 1 no OCHM, 
coBnaAaK)L4MM u c HanpaBneHneM xaApoBoft u 
ctpohhom" pasBepTOK. Ecnn n3o6pa>KeHne J1A Ha 
SKpaHe TeneBM3MOHHoro npneMHWKa ocTanocb 
CMemeHHbiM Ha BenuMMHy X no ropn30HTa/ibHofl 
ocw m Ha BennHMHy Y no BepTHKanbHotf, to 
OTHocMTeribHO npoAoribHo^ ocu nepeAaiomefi 
Tpy6KW M3o6pa>KeHne CMecTMTca Ha yr/ibi b 
npoAonbHOM igx X/F, ropM30HTan bHOM Ha 
tg jj, Y/F, rAe F -cf)OKycHoe paccTOAHne 
o6-beKTMBa. Ecnw aBTOMaTunecKM H3MepfleTCfl 
cMeu^eHne J1A no ochm X, Y, to onpeAermioTCfl 
ymosbie OTKnoHeHwa J1A OTHocMTeribHO ocw 
TeneBH3HOHHOfi KaMepbi. 3tv\ AaHHbie c 
noMoujbio ynpaBnajomero ycTpoficTBa 
noBopaMHBaiOT TeneKaiwepy TaK, MTo6bi 
n3o6pa>KeHne J1A HenpepbiBHo yAep>KHBanocb b 
ee none 3peHMfl. 

Heo6xoAHMbiM ycnoBneM 

BHeiJJH6TpaeKT0pHblX M3MepeHHM TM/1C 

HBfifleTCfl DH=0, AZ=0, aD=0, b 3TO BpeMfl 
nponcxoAMT M3Mep6HHe a, p , Vck. 

(DopMyna H3o6peTeHWfl: 
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Cnoco6 M3MepeHMfl xapaicrepvicTMK 
B03AyuiHo^ cnyTHOfi cTpyn 3a TpaHcnopTHbiM 
cpeACTBOM, npeMMyiAecTBeHHO sa 
aBwaHecymkiM Kopa6neM, BiaiKwaioinui* 
n3MepeHne napaMeTpoB ABMweHWH 
TpaHcnopTHoro cpeACTBa, napaivieTpoB 
ABM)KeHHfl jieTaTenbHoro 
annapaTa-30HAnpoBii;MKa othocw Ten bHO wiacc 
B03Ayxa h onpeAeneHne napawieTpoB 
B03AyujHO« cnyTHofl CTpyw, G\i\ma\ou\\A&Q9\ TeM, 
mto xieTaTenbHbi^ annapaT-30HAnpoBmnK 
noc/ieAOBaTenbHo noMeu^aiOT b p«A saAaHHux 
TOMeK n pocT pa HCTBa 3a Kopa6/ieM, b kotophx 
yAep)KMBaK)T JieTaTe/ibHbiii 
annapaT-30HAnpoBiHMK c noMOiAbK) ckiCTeivib! 
aBTOMaTunecKoro ynpaaneHkm m cunoBoro 
Tpoca, M3MepnioT AonoJiHMTenbHO napaivieTpbi 
noneTa ymbi aTaKM m cKorib)KeHMR ( a ,p), 
Beiaop CKopocTM noneTa - ymu TaHra>Ka, 
bc' 

KpeHa m Kypca {d t y t y), ymoBbie ckopoctm 
oTHOcnTeribHO Tpex ocew (&) 2> G> xl G> y ), 
npoAoribHyio n 6oKOByfo neperpy3KH (n y , nj, 
ymbi OTKnoHGHun pyneBbix noBepXHOCTefi 
( S b » 5 3'Sh) JieTaTenbHoro 
annapaTa-30HAnpoBii^nKa, M3MepfliOT 
HanpaBTieHne m cuny seTpa, KaMKy 
Kopa6n« n H3MepflioT xapaiaepHCTHKM 
neTaTeribHoro annapaTa-30HAnpoBiAMKa 
BepTMKanbHbie AH, 6oKOBbie oTKnoHeHMfl aZ, m 



BeKTOp CKOpOCTM ~ 



OTHocMTeribHO Kopa6nfl 



cpeACTBa mm BHeiUHe-TpaeicropHbix MSMepeHUM 
Ha MepHoPi nnaTcjDopMe, CBW3aHHOM c Kopa6neM, 
CTa6nriki3Mpyq ee no Kanice, nocne Mero 
onpeAenatOT ckopocth nepeMeiAeHMfl b cnyTHoi^ 
CTpye b BMAe pa3H0CTM Me>KAy BeicropoM 
CKopocTM JieTaTenbHoro 

annapaTa-30HAnpoBiAMKa OTHocMTeribHO MepHofi 



nnaTc^opMbi 



H BeKTOpOM CKOpOCTM 



JieTaTenbHoro annapaTa-30HAnpoBii^MKa 

OTHOCHTeJlbHO B03AyLiJHblX M8CC - 



n no 



nonyMeHHbiM ckopoctam nepeMemeHkia 
B03AyuJHOM cnyTHoft cTpyw BbmncnflK)T ee 
xapaicrepucTHKM, a MMeHHo, cneicrpanbHyK) 
nnoTHOCTb, cpeAHeKBaApaTMMecKne Be/inHMHbj 
Typ6yrieHTHO^ cocTaBnnfou^e^ noTOKa m 
MacujTa6 Typ6yneHTHOCTM. 
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